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DECLARATION O F J0RN BORCH S0E UNDER 37 C.FJR. S1J32 
I, Jforn Borch See, declare: 

1 . I am the co-inventor of the subject matter described and claimed in the above- 
captioned patent application. 

2. The following experimental data is presented on doughs produced using 
glucooligosaccharide oxidase ("GO"), an oxidoreductase that is known in the art and 
known to be capable of oxidizing maltose as of the priority date of the current 
application. See Lin et ah, "Purification and characterization of a novel 
glucooligosaccharide oxidase from Acremonium strictum Tl " Biochemica et Biophvsica 
Acta, Vol 1 1 18, p. 41-47 (1 991) ("Lin et */."), attached at Attachment A. 

3. GO is an enzyme described before the priority date of the present application. 
GO is able to oxidize the mono-, di-and oligosaccharide with reducing end glucosyl 
linked by alpha- or beta- 1,4 bonds. Lin et ah obtained the enzyme from a strain of 
Acremonium strictum, purified and characterized the enzyme for substrate specificity on 
different substrates. The enzyme was found to have highest relative activity on maltose 
but also showed high activity on oligosaccharides up to maltoheptose. 

4. In a dough system, GO catalyzes the oxidation of glucose and 
glucooligosaccharides with formation of hydrogen peroxide, which is able to oxidize free 
thiol groups on gluten molecules resulting in formation of disulphide bridges in the 
gluten network and thereby create a stronger dough with improved rheological properties. 
Fig. 1 shows a GO reaction in a wheat flour dough. The formation of hydrogen peroxide 
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also contributes to improved dough handling properties and improved quality of the 

baked goods. 

Fig.l 



Oligosaccharide oxidase 
Maltose ► Maltobionic acid + j^O 

Oxidation in Gluten 
2RHS+H20;, — ^ RS-SR + 2H 2 0 



5. In the following experiments, the effects of GO obtained by fermentation of a 
strain of Acremonium strictum on the oxidation of free thiol in wheat flour was tested. 
The microorganism used in this study was an Acremonium strictum from Centraalbureau 
voor Schimmelcultures, The Netherlands, The strain number was CBS 654,96. The 
organism was grown in a 3-L flask containing 100 g of wheat bran and 100 ml water, at 
28°C The flask was inoculated with approximately 1 ml of spore suspension containing 
10 spores. After 8 days of growth on the wheat bran, 1000 ml 50 mM Tris-HCl buffer 
pH 7.8 was added to the flask, and soaked for 30 minutes at room temperature, and then 
squeezed through a cloth. The aqueous extract was cenlrifuged to remove particles. The 
supernatant was filter sterilized through a 0.2 um filter (VacuCap 90 Filter Unit with 0.2 
um Supor Membrane) from Gelman Laboratory. After filtration, the filtrate (hereafter, 
"ferment") was frozen at -80°C and stored until analysis. The ferment containing GO 
activity was concentrated approximately 10 fold by ultrafiltration (10 kDa cutoff 
membrane). The concentrated ferment was loaded on a PD- 10 column (Amersham 
Biosciences) equilibrated with a buffer containing 50 mM Tris-HCl pH 7.8. The same 
buffer was used for elution of the enzyme from the column. The PD-10 column was 
operated according to the manufacturer's instructions. This preparation is hereafter 
named "concentrated ferment." The GO activity was assayed essentially as described by 
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Lin et ah except that 2 ? 2'-azinobis(3-ethylbenzthiazoline-$ulfoiuc acid) was used instead 
of 4-aminoantipyrme and phenol as color reagent. The GO activity was measured by 
adding 10 jil of enzyme solution and 290 \il of substrate containing 0.20 g/L 2 ? 2 r - 
a^nobis(3^%lben2thiazoline-$ulfonic acid), 10 mM maltose (or glucose or 
maltotriose), and 4 U/ml horse radish peroxidase (Sigma-Aldrich, St. Louis, USA, P- 
6782) to a microtiter well. The change in absorbency was measured at 405 nm at 30°C in 
a microtiter reader. The measured activity in mOD per minute was divided by 1680 (i.e. 
the slope of a standard curve generated by using H 2 0 2 in the assay) to convert the activity 
to U per ml. One U produces 1 jimole of H 2 0 2 per minute at the above described assay 
conditions. To measure the thiol groups in the dough, 6 g wheat flour, 120 mg sodium 
chloride and 15 ml demineralised water was agitated until a dough slurry was obtained. 
600 fxl dough slurry was transferred to a 3 ml centrifuge tube. 200 pi enzyme solution 
was added. The dough slurry was incubated at 30 °C on a vibration plate at 480 rpm for 
predefined time. 700 \xl Ellman reagent was added (160 mg DTNB in 20 ml 3mM EDTA 
+ 0,2 M Tris 3 pH 8.0 with HC1) and the tube was placed on a vibration plate at 30 °C for 
10 minutes in the dark. The tube was centrifuged at 10000 g. for 10 minutes. 150 \il of 
the supernatant was transferred to a microtiter well OD of the supernatant was measured 
at 412 nm against a blank Free thiol in the flour was calculated based on a molar 
extinction coefficient of 13600 for NTB 2 " (see Ellman, "A Colorimetric Method for 
Determining Low Concentration of Mercaptans." Archives of Biochemistry and 
Biophysics, 74, 443-450 (1958) and Chan et aL, "Direct Colorimetric Assay of Free Thiol 
Groups and Disulfide Bonds in Suspension of Solubilized and Particulate Cereal 
Proteins," Cereal Chemistry, 70 (1), 22-26 (1993), attached at Attachment B and C 
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6. The concentrated ferment was tested for activity with respectively glucose, 
maltose or maltotriose as substrate. The results are shown in Table 1 . It is seen that the 
enzyme has significantly higher activity on maltose and maltotriose as substrate than on 
glucose. A sample of the concentrated ferment was heated at 95°C for 10 minutes in 
order to heat inactivate the enzyme. It is seen that the heat inactivated concentrated 
ferment does not show any activity in the assays. Also water was used as a blind sample 
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without showing any activity. These results confirm that the activities measured in the 
concentrated ferment are caused by enzyme activity. 



Table 1 





Glucooligosaccharide oxidase activity fU/mll 


Substrate 


Concentrated ferment 


Heat 

inactivated 

concentrated 

ferment 


Water 


Maltotriose 


8.3-1 0" 4 


-61 0" 3 


-MO -0 


Maltose 


5.8-10" 4 


-4-10" 


0 


Glucose 1.6*10** 


-5-1 0" 1 


110"' 



The ferment from Acremonium strictum CBS 654,96 was tested in a wheat flour slurry 
assay, and as a control the $ame ferment inactivated at 95*C for 10 minutes was tested. 
The effect of the enzyme on the amount of free reactive thiol groups was followed at 
different time intervals as shown in Table 2. 

Table 2 





1 


2 


3 


4 


5 


6 


Wheat flour substrate, pi 


600 


600 


600 


600 


600 


600 


CBS 654,96 ferment , \x\ 


0 


200 


0 


200 


0 


200 


Heat inactivated ferment, \A 


200 


0 




0 


200 


0 


Water, \i\ 


0 


0 


0 


0 


0 


0 


Reaction time, minutes 


30 


30 


60 


60 


120 


120 



7. The amount of free reactive thiol in flour was analyzed by using Ellman 
reagent as mentioned above. The level of free thiol as a function of reaction time is 
illustrated in Fig. 2 which shows the effect of Acremonium strictum ferment of the 
amount of free thiol in flour gluten protein. The results clearly show that the GO from 
Acremonium strictum has an impact on the free thiol in the gluten protein. The same 
effect on thiol has also been observed when hexose oxidase is added to a dough slurry. It 
is also observed that the ferment inactivated at 95°C for 10 minutes does not have any 
effect on the level of free thiol This confirms that the enzyme is inactivated and that the 
thiol oxidation is caused by an enzymatic reaction, which can be deactivated by heating. 
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In a parallel experiment (results not shown), water was added instead of Acremonium 
ferment. This experiment confirms that the level of reactive thiol does not change as a 
function of time^ indicating the reduction in the amount of free thiol when Acremonium 
ferment is added to a flour slurry can only be explained by the enzymatic reaction. 
Fig. 2 
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8. In another experiment the ferment of Acremonium striatum CBS 654,96 was 
concentrated by ultra filtration. The concentration factor was approximately factor 10. 
The effect on thiol in gluten of the concentrated ferment was tested in a flour slurry 
assay. The concentrated ferment was tested in different dilution concentrations and the 
reaction time was 30 minutes in this experiment (Table 3). As a control, the same 
concentration of heat inactivated concentrated ferment was also tested. 
Table 3 
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ft 




















Wheat flour substrate, \i\ 


600 


600 


600 


600 


600 


600 


600 


600 


Concentrated ferment, Ml 


10 


25 


50 


100 




hr 






Heat inactivated concentrated ferment, \i\ 










10 




50 


100 


Water, pi 


190 


175 


150 


100 


190 


175 


150 


100 


Enzyme reaction time, minutes 


30 


30 


30 


30 


30 


30 


30 


30 



The amount of free reactive thiol was measured according to the procedure mentioned 
above, and the decrease in the amount of free thiol in the dough slurry relative to the 
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control sample containing the heat-inactivated sample was calculated (Fig. 3). Fig. 3 
shows the effect of concentrated Acremonium strictum ferment on free reactive thiol in 
flour. The results clearly illustrate that the concentrated fennent from Acremonium 
strictum results in oxidisation of free thiol in a dough slurry. Fermentation of 
Acremonium strictum CBS 654,96 produced a ferment containing an oxidoreductase. 
Analysis on different substrates showed that this ferment was more active on maltose and 
maltotriose than on glucose. It was therefore concluded that the ferment contains a GO, 
The ferment was tested in wheat flour dough shiny, and it was confirmed that the ferment 
contains an enzyme, which action results in oxidation of free thiol groups in wheat 
gluten. It is therefore concluded that the GO from Acremonium strictum is responsible 
for oxidization of free thiol groups in wheat dough. The oxidation of free thiol groups of 
gluten protein molecules results in the formation of disulphide bridges in the gluten 
network and thereby creates a stronger dough with improved rheological properties. GO 
from Acremonium strictum is thus another example of an oxidoreductase which is able to 
oxidize maltose that has beneficial effects on rheological properties of a dough. 
Fig. 3 
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9* All statements made herein of my knowledge are true and that all statements 
made on information and belief are believed to be true; and further these statements were 
made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United 
States Code and that such willful false statements may jeopardtee the validity of the 
application or any patents issued thereon. 
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Purification and characterization of a novel ^oligosaccharide 

oxidase from Acremonium striatum Tl 
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A novel glucooligosaccharide oxidase was ourififrt 4Q<; r„M r 

strict strain Tl with an overall \\Z J 'S Tht e™7w *' br " cu,tu " of a soil-isolated Acremonium 
nolecular mass of 61 kDa as dererm* d "J sod ^ tol™* ^ZZ* * 

rTnol of FAD per inol of enzyme and showed absorption maxim* at 27d *to , ^ ^„ ThlS enzyme «">tained 

the pH range of 5.0 to U.O with an optimal reacttoTpH rf S 0 S^V . d T nm Th, " S en2yme ws stab »* *« 
stable up to 50°C for 1 h at pH 7 1 This enzyme oxidLed i T TT" tem P eratu " ™ S0°C. It was 
reducing end and each s« gar resl due join tedTy Tor* - 4 s JS IdtTT™ ghlbo, « residue 
toward maJtose) n.altotriose, maltotetraose, maltop^taose ' mStohlt^ ?? re ' 3tiVe aCtlvi * of «* «W 
glucose was 100: 94 :74: 46 : 66 : 56:64: 47: 59. T^l^^^^^ 1 **^™*' lactose > ce| lobio se and 
glucooligosacharide oxidase as judged from enzyme Z£S%i!l f ** rCP ° rt ° n the dls ^ <* an 



Introduction 

Enzyrnes *at catalyze the oxidation of glucose and 

°™ 8U *«" dlre « ] y to corresponding aldonic acids 

have h,U° f 6 W ^ ,y u distribuled '» nature, since ,hey 

ttsues sir", KH baCteria ' fungi ' al « ac and 
tissues. Sugar dehydrogenase systems of genus fteu- 

Gluconobacter [2] and £« c ,7to (3,4] were 
rammed m detail. AJthdugh most of the sugar dehy- 
Jtenases were specific to monosaccharides, there 
laSL d j Saccharide dehydrogenases, such as the 
malmL h^k ? enaSC ° f ^*«^«« [5] and the 
£ „L ? [°r aSe ° f a,ka «ic Coo'ne- 

The galactose dehydrogenase purified from rat iiver [7] 

most *TT T mait ° Se and ccllobicse ' Similarly 
most of the known sugar oxidases were specific to 

monosaccharide except the galactose oxidase of Poly- 

porus aranatur [8] which exhibited a much higher 

affinity for galactosides and polysaccharides containing 
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galactose end groups. None of the sugar oxidases hith- 
erto reported showed high reactivity toward la 0 . 
ohgosacchandes, which are composed of cx-o-gluco- 
pyranosy) units jointed by 1-4 bond. The relative 
act.v.t.es of hexose oxidase of red alga Chondrus cris- 

10] toward glucose and maltose were 100:40 and 
100:47, respectively. Recently, we conducted a screen- 
ing program for sugar oxidase-producing microorgan- 
ms from soil. Strain Tl, identified J AcreZ„Z 
stnaum, was isolated. The oxidase purified from the 
aqueous extract of a wheat bran culture of this strain 
showed h,gh reactivities toward maltose, lactose ceT 
lobtose and maltooligosaccharides composed of up to 
seven glucose units. This new oxidase was named gju 

Serl, " fePOrt ' tS PUrifiCa " 0n lnd — of its 

Materials and Methods 

Materials 

D^Zftr^ 6 ^^ PUrChased from M*«* 
Darmstadt (Germany). Toyopearl Phenyl-SSOM and 
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TSK G3000SW column were from Toyo Soda Manu- 
facturing (Japan). Biogel MOO and SDS-PAGE molec- 
ular weight standards were from Bio-Rad Laboratories 
US.A.), Ultrogel-HA was from ISF biotechnics 
(France). Isoelectric focusing calibration kit, ampholine 
pagpiate for isoelectric focusing and concanavalin A 
Sepharose 4B were from Pharmacia LKB biotech- 
M°Su S r den) - End0 ^y c ^idase F was from Du Pont 
NhN (U.S. A). 4-Ammoantipyrine was from Wako Pure 
Lhemica! Industries (Japan). Phosphodiesterase was 
from Amano Phamaceutical (Japan). Molecular weight 
markers for gel- filtration chromatography, peroxidase, 
prcmase, and all the sugars were from Sigma (U.S.A.) 
AJI other chemicals were of analytic reagent grade. 

Microorganism and culture conditions 

A fungal strain, Tl, was isolated from soil and was 
identified as Acremomum striaum. For enzyme pro- 
duction, the organism was grown in 34 flasks, each of 
which contained 100 g of wheat bran supplemented 
with 100 ml of water, at 28 *C After 7-10 days of 
cultivation, the entire culture was used for enzyme 
preparation. 

Enzyme assay 

The glucooiigosaccharide oxidase activity was esti- 
mated by peroxidase chromogen method. An aliquot of 
enzyme was incubated at 30 « C in 1 ml of 50 mM 
Tns-HCI buffer (pH 7.8, buffer A) containing 10 mM 
maltose, 2 units peroxidase, 0.J mM 4~ammoantipyrine 
and 1 mM phenol. The increase of optical density was 
followed at 500 nm for 3 min. Otherwise, the glu- 
cooiigosaccharide oxidase activity was estimated by 
inonttonng the consumption of oxygen with a oxygraph 
(Oxy-5 Grtson Medical Electronics). The reaction was 
initiated by the addition of appropriate amount of 
enzyme to the reaction mixture containing 10 mM 
maltose tn buffer A, and the initial velocity of oxygen 
consumption was measured. 

One unit of enzyme activity was defined as the 
amount of enzyme which produced 1 ^mol of H,0, or 
consumed 1 fimol of O, per min at 30 °C 

Protein determination 

Protein was determined by the method of Lowry et 
al ill] with bovine serum albumin as a standard. 

Enzyme purification 

A typical purification scheme of the glucooiigosac- 
charide oxidase from the wheat bran culture extract is 
described below. All the operations were carried out at 

Preparation of crude extract. 700 g of wheat bran 
culture of strain Tl was soaked in 2.5 1 of buffer A for 
-X) mm at room temperature and squeezed .through a 
doth. The aqueous extract was centrifuged to remove 
particles. 



Ammonium sulfate fractionation. The clarified • 
ous extract (2.3 I) was brought to 459c saturation 
ammomum sulfate and the precipitate was remov, 
centnfugation. Ammonium sulfate was added tc 
supernatant liquid to 80% saturation. The rest 
prectpitate was collected by centrifugation and 
dissolved m a minimal volume of buffer A The en- 
solution was dialyzed overnight against the same bi 

Fractogel DEAE-650M column chromatography 
d.alyzed 45-80% ammonium sulfate fraction P9C 
was apphed to a Fractogel DEAE-650M co!umn~(6 
cm). After the column was washed with 1 2 I buffi 
containing 80 mM KaCl, the enzyme was then el 
with buffer A containing 170 mM NaCl. The flow 
was 300 ml/h. 

Toyopeart Phenyl-650M column chromatogra 
Ammonmm sulfate was added to the pooled ac 
tractions to a final concentration of 2 M The enr 
solution was then applied to a Toyopearl Phenyl-6« 
column (3.5X7 cm) which was preequilibrated ^ 
buffer A containing 2 M ammonium sulfate After 
column was washed with 200 ml of buffer A contair 
2 M ammonium sulfate, it was eluted with a I I |i n 
gradient of 2 to 0 M ammonium sulfate in buffer 
The flow rate was 140 ml/h- The time period for 
gradient elution was 7.1 h. In order to concentrate 
pooled active fractions (470 ml), ammonium sulf 
was added to the enzyme solution to a final concent 
Uon of 2 M and then recharged to a small Toyooe 
Phenyl 650M column (1 x 6 cm) which was preeq 
l.brated with buffer A containing 2 M ammonii 

I" I k' 'I"' 5 * me ' the eniymc . was el «ted direc 
w,th buffer A. The volume of pooled active fractic 
was 15 ml. 

Biogel P-100 column chromatography. The enzvr 
solution was applied to a Biogel P-100 column (2 5 
115 cm). The column was eluted with buffer A at 
flow rate of 15 ml/h. 

Ultrogel-HA hydroxyapatite column. The pooled a 
t.ve fractions was further purified by passing it throuj 
a Ultrogel-HA column (2 X 25 cm), which was preeqt 
l.brated with 10 mM phosphate buffer (pB 7 8) Aft. 
washing with 10 mM phosphate buffer, the column w ; 
eluted wtth a I 1 linear gradient of 10 to 500 mf 
phosphate buffer. The flow, rate .was 96 ml/h. The tim 
penod for the gradient elution was 10.4 h The activ 
tractions were pooled and stored at - 20 * C. 

The method was carried out op 10% acrylamid 
slabs using modified Laemmli buffer system H? 
Coomassie brilliant blue R-250 was used for staining' 
Pofyacylamide get boetecitic focusing 

Isoelectric focusing was carried out with an LKI 
multiphor II electrophoresis unit at 4°C for 2 h 
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ready made polyacrylamide gel (ampholine pagplate) 
w.th pH range of 4.0-6.5 was used. The anode and 
cathode solutions used were 0.1 M glutamic acid in 0.5 
"3 P °^ and 0.1 M ^-alanine, respectively. The pH 
grad.ent was determined by the migration of the pi 
markers and by a surface pH electrode. 

Periodic acid-Schiff staining 

Periodic acid-Schiff staining for glycoprotein was 
performed as described by Zacharius et al. [13). 

Molecular wight determination by high-performance liq. 
ma chromatography 

The apparent molecular weight of the enzyme was 
determined by high-performance liquid chromatog- 
raphy (Waters, U.S.A., composed of a pump model 
MU, a tunable absorbance detector model 486 and a 

r-£i!c«/ C v, £ n 8 mo!ecular sieve column (TSiC-gel 
O>000SW XL (7.5 x 600 mm), Toyo Soda, Japan). The 
detection was using UV absorption at 280 nm. The 
eluent used was buffer A containing 0.5 M NaCI. The 
rate a nd the column temperature were 0.5 ml per 
^mr\ and 25° C, respectively. 

Amino acid composition analysis 

The enzyme was hydrolyzed with 6 M HC1 in a 
sealed evacuated gjass tube at 1 10 • C for 24, 48, 72 and 
*B h. The hydrolysates were analyzed with an amino 
acid analyzer (Beckman 6300). The content of cysteine 

rMi S ?L St " 1C WaS dctermined by the method of Moore 
Utj. The content of tryptophan was estimated by hy- 
drolyzmg the protein with 4 N methanesulfonic acid as 
described by Liu and Moore [15]. 

Results 

Purification of glucooligosaccharide oxidase 

Table I summarizes the results of the purification of 
g ucool.gosaccharide oxidase described under Materi- 
als and Methods. The enzyme was purified 495-fold 
Jh a recovery of 21%, from the wheat bran culture 
»ct. The specific activity of the purified enzyme was 
~- Units per nig of protein. The final enzyme prepara- 
tion was judged to be homogeneous by SDS-PAGE 

* 

TABLE J 

Purification of iht $lueootigosaccharidc oxidase 
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M W 



97.4K-*- 



66. 2K-w 



B 



pi 



1 2 




42.7 K-*-~- 



4. 15' 



4.55-*- 



5.20-** 




31. OK- 



21. 5K 



5. 85 




6.55 




14.4K-* 

St HfT d r° dCCyI $uIfate WacryIarn(de ee} electrophoresis (A) 
and isoelectric focusing (B) of the ^oligosaccharide oxidase. A 

Iw g h T^w^" WaS 12% L2nC ] > ™ ! «u!ar mm markers- 

LI .^/J? kDa> ' M ™ **»mln (66.2 kDaT 

ovalbumin (42 7 fcDa), carbonic anhydrase (3L0 kDo), soybean trypsin 
mhibitor (21.5 kDa) and iysozyme (14.4 k0a). U w 2 lo 1 of 
punned enzyme. (B) Lane I, p, markers: s Jueo»e oxidase <pl 4 15) 
soybean tryps.n inhibitor (p/ 4.55* /J-lacto E lobuiin A (pf 5 20) 
bovtne carbontc anhyarase B (p/ 5,85) and human carbonic anhy- 
drase B (p/ 6.55). Lane 2, 5 of purified enzyme. 



(Fjg. 1A). The enzyme activity was increased after 
Toyopearl pheny!-650M chromatography. This might 
be due to the removal of some unknown inhibitory 
factors from the enzyme preparation in this step. 

Molecular weight 

The apparent molecular weight of the purified en- 
zyrne was 61000 as determined by SDS-PAGE (Fig 
1A) and size^xctusipn HPLC on a G3OO0SW column 
(Fig. 21 These results suggested that the enzyme was 
composed of a single polypeptide chain. 



Step 



Crude extract 
(NH 4 ) 3 SO^ precipitation 
Fracto fitf | DEAE-650 
Toyopeari phenyf-650 
Biosef P-IO0 
Ultra sel-HA 



Volume 
(ml) 


Total 

protein 

(mg) 


Total 

activity 

(unit) 


Specific 

activity 

(U/m*) 


Yield 
(%) 


Purification 
(fold) ' 


2300 
290 

1560 
170 
57 
107 


12400 
3150 
1160 
326 
102 
5 


51 
38 
27 
35 
20 
It 


0.0O4 

0.012 

0.023 

0.11 

0.20 
i ?/} 


100 
75 
53 
69 
39 
21 


I 
3 
f> 
27 
-19 
^95 



44 



o 



JZ 
w 

V 

u 

n} 

3 
U 
« 

o 

X 




TABLE II 
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1.3 



1.5 



i.7 



1.9 



2,1 



d L \ E, fc l ™ lw J of molecular weight of ^oligosaccharide oxi. 
due by ^performance liquid chromatography on a molecular 
»ev column (7.5 by 600 ^ TSFC C30OOSW). The moledox weigW 
markers used were apofcrritin (443 IcDa), ^amylase (200 kDa) cL 

the glucoohgosacchcinde oxidase is indicated by the arrow. For 
details, see Materials and Methods. 



Isoelectric point 

The glucooligosaccharide oxidase was separated into 
five band* on isoelectric focusing (Fig. IB), and their 
isoelectric points were estimated to be between pH 
4.3-4.5. Since the enzyme preparation was shown to be 
homogeneous by SDS-PAGE (Fig. 1A) and by N-termi- 
nal sequence analysis (Scheme I), the five bands might 
represent isoforms of the enzyme with different de- 
grees of gJycosylation. 

Ammo acid composition 

The ammo acid composition of the enzyme is given 
in Table II. 

Amino-terminal amino acid sequence analysis 

The N-terminaf amino acid sequence of the first 30 
residues of the glucooligosaccharide oxidase was deier- 

5 in 
A»n-Ser-lle.Asn-Ala-(X)-Leu-Ala-Ala-Ala- 

15 20 

Asp-Val-Glu-Phe-Hts-Glu-Clu-Asp-Ser-Glu- 

25 30 

Gly-Lys~A S p-Hec-A S p-(X)-Thr-Ala-Phe-Asn- 

Scheme I. Ammo-terminal sequence 0 f jhe glucooligosaccharide 

oxidase. (X). undefined residues. 



Amino acid composition of the S lucoo!^accharid, oxidase 



Amino acid residue 



mol/100 mo! 



Asx 

Thr 

Ser 

Glx 

Pro 

Ala 

Gly 

Val 

Met 

He 

Leu 

Tyr 

Phe 

His 

Lys 

Trp 

Arg 

Cys 



12.9 
6.2 
5.5 
11.0 

' 3.2 
10.2 

10.7 
6.0 
1.3 
4.6 
7.7 
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3.8 
3.1 
2.3 
0.8 



mined by gas-phase sequencing (Scheme 1). Non. 
the reported protein sequence was found to show 
sequence homology with the N-terminal sequence 
thu enzyme after a computer-aided protein segue 
homology search was performed. 

Absorption spectrum 

The absorption spectra of the purified enzy 
showed maxima at 274, 379 and 444 nm with rnc 
absorption coefficients of 11740q, 12540 and 10 4 
respectively. The addition of maltose or sodium hyd 
sulfite to the enzyme solution made ihe peaJc at 444 , 
disappear (Fig. 3). These spectral characteristics st 
gested that the enzyme is a flavoprotein. The a'* 
nm vaiuc of this enzyme was calculated to be 192""' 

Prosthetic group 

t .Vh T f f e P|?T Cd f1avin « rou P of this enzyme bou. 
tightly with the apoenzyme and was not released fro 

rd r UrinnnZyme byboilintor treatii 
™U a u trlch,oroacetlc a *«- The enzyme was 0 
gested with pronase and then incubated with phosph. 
diestcarase. The released AMP-was identified by thi, 
layer chromatography on cellulose plate with r 
butanoL-acenc acid:H 2 0 = 2: 1 :2 (v/v) as solven 

out no t S r^ SCSt K d th3t thC EnZyrae containe < 1 FAI 
but not FMN as the prosthetic group. From the ab 

450 n n m CC fh 0f ^V'^d-enzyme solution a 
450 „ m> the amount of FAD was determined to be 
mol per mol of enzyme. 

Enzyme as glycoprotein 

Two Pieces of evidence indicate that the g| u . 
cooligosacchande ox.dase is a g)ycoprotein . Rm> = he 
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300 350 iOO A SO 

Wavelength (nm) 
™ b tT/ i0n SpeCtrum ° f ^^^arkJe oxidosc (0.66 

oaTh /?» H /VB ^^P^ometcr, with a ].0-cm light 

reduced ^ fcnZy T e ' (B> PrOSthCtiC ° f wa S 

2 ^ l(Wln * ^ a concentration of 400 mM, <Q the 

protihehc sroup of enzyme was reduced by adding sodum nydrosul- 

nte to a concentration of 50 mM. 

enzyme positively stained with periodate-Schiffs 
reagent oa SDS-PAGE. Second, it bound to concana- 
vajm A-Sepharose 4B and was eluted by buffer con- 
taming 0,4 M methyl^-D-giucopyranoside. 

Optimal reaction pH and pH stability 

As judged from the bell-shaped pH versus activity 
profile shown in Fig. 4A, the optimal reaction pH of 
this enzyme was around 10. The enzyme was very 

)le m the pH range from 5.0 to U.O (Fig. 4B). 

Ls^lkai reaction temperature and thermal stability 

As shown in Fig. 5A, the enzyme activity reached a 
maximum at about 50 *C under standard assay condi- 
tions at temperatures varying from 20 to 70 °C Thcr- 
mai stability was investigated by incubating the enzyme 
m ourfcr A at a designated temperature for 1 h The 
enzyme was stable up to 50* C (Fig. SB). 

Substrate specificity 

The ability of the enzyme to catalyze oxidation of 
various sugars was investigated (Table III), Glucose 
*as oxidized by this enzyme. All the other o-form 
^saccharides tested, including lyxose, arabinose, 
loose xylose, fructose, ailose, aitrose, galactose, gu- 
ose, idose, mannose, tagatose and sedoheptulose, were 
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not oxidized. Derivatives of the n-form monosaccha- 
rides, such as methyl-glucopyranoside, 2-deoxy-glucose 
fucose, rhamnose, giucose-i-phosphate, glucose-6- 
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TABLE IU 

Substrate specificity of g!u cooi 'i^osaccha ride oxidase 

Enzyme activity w a3 measured by peroxidase^ romogen method as 
described ,n the text. All values represent the percentage of activity 
as compared to the value obiained with maltose 



Substrate 

Maltose 
Maltotriose 
Maltoterroose 
Maltopentaose 
Maliohcxaose 
Maltoheptaose 
Glucose 
Lactose 
Cellobiose 




phosphate, glucosamine, gulactosarnine, /^-acetyl glu- 
cosamine, gluconic acid and glucuronic acid, or sugar 
alcohofs, such as myoinositol, xylitol, sorbitol, mannitol 
and arabttol, were not oxidized by this enyzrne. 

As for the disaccharides, maltose and ceilobiose, in 
which two glucose units are jointed by an a or 0-1 4- 
giycosidic linkage and lactose, which consists of galac- 
tose jointed to glucose by a 0-1,4 linkage, were good 
substrates for the enzyme. Neverthless, disaccharides 
containing other types of linkage, such as nigerose 
{Gloall 3]~GIc), laminaribose (Glc-/3{1 3]-Glc) 
isomaltose (Glc-ofl - 6J-Glc), gentibiose (G\c~p[l J 
6>Glc), trehalose (Glc-cr[l - iJ-GIc), sucrose (G!c-[«1 
-►^J-Fru), and rnelibiosc (GaJ-a(i -+ 6}-Glc) were not 
oxidized by this enzyme at all. 

Moreover, this oxidase reacted with maltooltgosac- 
chandes containing up to seven monosaccharide units. 
If the reactivity of this enyzme toward maltose was 
taken as 100%, the relative activity of this enzyme 
toward rnaltoheptaose could reach 56%. 

In general, this novel glucooiigosaccharide oxidase 
oxidized those oligosaccharides with glucose unit on 
the reducing end and each sugar unit were jointed by a 
or 0-1,4 linkage. 



TABLE V 

Some properties of saccharide oxidates from different microorganisms 



TABLE IV 

£0ta of metal iom and chelating agents on gtucooffgos 
oxidase uc licit)' & <-wttxv* 

Enzyme (15 ms) w as incubated in buffer A containing vari. 
■om or chelating agents for 15 min at 30°C The residual 
were essayed by oxygraph method as described in text 



Concentration 
(mM> 



Relative aciivi 
f%) 



Control 

HgCU 

Fed," 

FeCl, 

PbCU 

cocr, 

NICK 
CtfCK 
BaCl" 
SrCK 

CaCfj 

MgCU 

CuCI, 

ZnCU 

EDTA 

0-phenanthroltn 



0 
I 

0.5 

0.5 

I 

I 

I 

I 

I 



100 
6 
0 

80 

93 

83 

93 

83 

79 

91 

92 

84 

103 

106 

91 

98 



Effects of metals and metal chelating agents 

The effects of various metal ions and inhibtto 
the enzyme activity are shown in Table IV Th< 
zyme activity was potently inhibited by 1 m M J 
and Fe 2+ Metal chelating agents, EDTA an< 
phenamhroline, did not show a, significant inhit 
effect to the enzyme activity. 

Discussion 

According to the substrate specificity shown in 7 
HI, the glucooiigosaccharide oxidase purified ■ 
wheat bran culture of Acremonium striatum Tl i 
deed a new type of oxidase. Maltose was the fav, 
substrate, followed by maltotriose. As for maltoi 
taose, the largest substate available commercially 



Source 

Molecular weight 
Isoelectric point 
Optimal pH 
Optirridl temperature 
Prosthetic group 
Substrate specificity 



Glucooiigosaccharide 
oxidase 

Acremomum siriciitm 
61000 
4.3 
10 

50* C 
FAD 

(glucose),,, {ft » l~7) 
ceDobiose. lactose 



Glucose oxidase 

Penidllium notatum 
150000 

<4.5 
5.6 

40* C 

FAD 

glucose, mannose. 
6-methy) glucose 



Galactose oxidase 



Pyranose oxidase 



Potyponts circinauts 
4x000 

7.0 
50° C 
Or' 

galactose, guaran. 
raiTinose, stucbyose 



Bosidiomycetous sp. 
69000 

6,3 

60°C 
FAD 

glucose, vryfose. 
6^Jeoxyciucose 



enzyme still possessed about 56.% reactivity as com- 
pared with that for maltose. None of the sugar oxidases 
hitherto reported showed reactivity toward maltooligo- 
saccharides containing more than three glucose units. 
We thus believe that this is the first report on the 
discovery of a glucooligosaccharidc oxidase. 

Table V summarized the general properties of the 
gJucooIigosaccharide oxidase of A striaum Tl to- 
gether with those of glucose oxidase from Penicillium 
notatum [16], galactose oxidase from Polyponis circina- 
tus [8] and pyranose oxidase from Basidomycetoiis [17]. 
The glucooiigosaccharide oxidase of A. strictum Tl 
was composed of a single polypeptide chain with 
molecular weight of 61000. This enzyme was found to 
be a glycoprotein similar to glucose oxidase and pyra- 
nose oxidase. A most surprising characteristic of this 
enzyme is its high optimal reaction pH (pH 10) which is 
very different from those of other fungi oxidases, in- 
eluding the three oxidases listed in Table V, These 
enzymes all have their optimal reaction pHs in weakly 

«djc range. The other significant difference between 
current enzyme and other oxidases is their sub- 
strate specificity. Our enzyme had high activity toward 
maltose and maltotriose, whereas the other three oxi- 
dases exhibited low selectivity against disaccharides 
and oligosaccharides. 

The glucooiigosaccharide oxidase might be useful 
for the quantitative determination of maltose, lactose 
and cellobiose, since it showed high activity and speci- 
ficity for these sugars. This enzyme might also be 
useful for the activity assays of amylase and ceilulase, 
since the reaction product of the amylase and ceilulase 
are maltose and ceUuiobiose which are the favorite 
substrates of this enzyme. We also expect that this 
enzyme could be used for the production of several 



oligosaccharic acids, such as maltobionic acid which is 
the reaction product derived from maltose. 
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Direct Qfatohfc ^ of Fr ee Thiol Groups and Disulfide Bonds in Suspension 

of Solubilized and Particulate Cereal Proteins 1 ous P ensi ™ 

KIN-YU CHAN and BRUCE P. WASSEkMAN* 



n OI ™ WlBl »»° msoluWe thiol croups and disulfide h™,,). ;„ 

^fomt2L^SS{ V* 1 **"** ™& thiol groups or 

?i^^ i0 ^ Woae * whk5h xcacU with cystdncand thiol 

thfab *««w«. Aft^f « clwiifcitlcm step to remove ntspnded 



ABSTRACT 
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^ ,hC, !l 8ht to P 1 ** » ^portant role fa tip 
nh«K, ,„f rCfU ^ ed producU - because of the hydro! 

phobic and insoluble nature of wreal protons, qtumtm^on of 

01 corn meal protein with sodium dodecvi saline fSDS> urea. 

2,1"? «trartion with SDS and urea results in only partel 
of tbs protein, assays bawd on solubifcaSon ft£ 
Wed by measurement of thiol and disulfide content^™ J°u 

n^IZT^^ mi of true thiol dS 

f . ,«£ C ° ntCnt A «**«*]» that avoid, this initM 3n 

comtoT™^ 8 « »luH*a* «">y that simultaneity 
combines quantification of soluble and particulate thiol and disnt 

*I t Cn j r "^P 10 Urea and to react it vrith a 
»nd ;«^ft? * ^ ^t*"*^ «a e t with both soluble 

, . , an * reagent, 3,5'-d.t>.iobis (2-nilrobenzoio acidi rr>TNBi 
ct "1 1983), sad duodium 2-mtro-^thiosulfobeuzoate fNTSlp-, 

with S'iSlJ if ^ P^ 0 "' ^ 

fwn.^ v ffl , ^ e ? lBase 01 ,te 2-ntoorS-tWobenzoBte 
anion CNTBST), which fa solwbJc in sgfotion. Following 

at nm » then read. Tbx? method wtt used to wse$s the effect* 

°" 111101 IS 

MATEMAIS AND METHODS 
Materials 

ash, and 79 4% Wrec extreot) was obtained from Lauhoff 
MoKW™ 1 NTS B J ~ were obtdntJ W 
inftobLZl?'^."^ WI " JE^tnwIen was conducted 

ffl « T^' kD 8 t h; t0 -'ManKter ratio. 20; screw diamchw I 9 

Sohd-Phasa Aasay for Free Thiol Content 

Cotonmctnc reactions were conducted wider the conditions 
tteenM by Ellman (J?58, 1959). Unless otherwise bS™ 

• 1993 ^rwrican AebocIa «on 0/ Cef^; Chaste, f ac. ^ ~ 
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samples (30 mg ground to 40 mesh and driod in v.«^s . 

raTm^ 1 '? n/l 6 ^ 011 

centrifusBd »t 13 So X ^ i^^^if J' 0, ThlS so,ul 
412 anu ^ d ,t5t ab «>J*»tt«j was rcac 

^fe^^ r 3 T0UX &ri**yW Group Content 

SDS (1%) was added whew indicted. S I ! 
3 oUf EDTA, and 0^ Tri^HO D H a « ' ^- 10dl ^ 51,16 
bond* with suJfte Tot !f ^fJ" Wd wawtio" of disuili, 

TW U^ t> ^^' 1 ^ SaKhydryl-DfanlWe Amy 

Jteoftowe indicated, sampiee (60 m £ ground to 40 mcs 

In S ^me nt3 , Du Wm^Tn!yMT 0 ^TA S0 7^ 
superoataat were removed aSKtoto , fl^'Sl^ ° ^ 0 
DTNB- and v-rcnJ-L. 4 ^ orougn tto 1,0ml with approprfat 

RESULTS 
Develapment of tibe Method 

O, and S o.uMl iM rLc.^r^ 



£J5u P *?Iw A : 8 °i? ba3 , ratlon ^ connrm that maximal soluble 

™, il^lr * ° a y whcn ?cdudn ^ ^ cms aWed. Further- 
more, solubtotjofl Is enhanced when is excluded (Fig, 1). 
On the oasis of Kjefahl assavs of protein remaining in the pdJets, 
even under optimal conditions (urea, SDS, and /^meraarto- 
ethanol combined) we found that only $5% of the protein could 
be solubibzed. The pH of the solubilization mixture was varied 
between 7 to JO, and similar levels of protein were solubOued 
over thtc range. Therefore, to directly assay for thiol and disulfide 
evcls present m the entire sample and to avoid tedious frac- 
tiowauoa preccdow, the direct colorlmetric assay was developed. 

Chemical <md physical assets of the 4ir*a cohrimeiric may, 
A schemata of the rnixed-phase method is shown U FWe 2. 

f ^ fc * iv r ft * that regardless of whether DTNB reacts with 
soluble or insoluble protein, the product of tbte reaction, the 
chromopbote NTH 2 , is soluble in aqueous solution. NTB 2 t *rve 5 
a yellow color with an eMioctiou coefficient of IX600M~ 1 cm"' 
at 412 om. These reactions ara conducted in the presence of urea 
orurea and SDS tomaximiTe the reactivity of any thiol ordijulnde 
groups that may be buried within the hydrophobic protein matrix. 
JA su&iritt analyzed in tandem, disulfide bonds are determined 
indirectly with NTSB 5 ~ (Thannhauser et ai 1987), which is added 
to protein suspension* with sodium sulfite. At pM 9.5, sodium 
sulfite completely cleaves disulfide bonds. One of the sulfur atoms 





t%3D6 

Combined 



1.0 



0.3 - 



B, 



Air 





Time (hr) 

t* Urn* course for protein solubltoion from com meat under 
nrtrojpnj (A) *nd air (B). Native com meal (60 mg) was soiubSited at 
room tempejuturt in 2 ml of \% lodium dodecyt miftfe (SDS), 1% SDS 
t iff "fj- l% . Sm ^merwptoetlwnpl (ME), or *B combing 

in J2.5 mMswlmx* tetraborate buffer (pH 10,0) for various tunes as 
towatcd. Tie samples were then «nrriniB«d at 14,500 X g for 36 rain, 
and sU^uols rungmg from lOto 30 fd were uoasfer/ed loamfcroccmrifrae 
mbe and mixed with / ml of water. Soluble protein vrai assayed cobrl 
owtrlcnuy by the bjcim&ooJoIc acid asjfty with tdehJoro acetic acid pro 
wpuattoa (Brown. ct «1 J9S9), F 



forma U sulfated derivative, whereas the other forms the thiols 
Hnjoo f wtoh k with thiol groups from cysteine, reacts withNTSB^ 
Thus KTSB quantifies total thiol and disulfide content *ru 
™™ ?°M n i ,R ^ by difference. Corn meal di 

not contain hi^ enough levels of compounds that abaoVbed '* 
412 nm to interfere With measurement of NTB*~ 

Clarification of protein suspensions, lb complete this pro- 
cedure a creation step must be conducted to remove *u*. 
ponded particles that would otherwise interfere with obtainine 

*i£? nt * Mona * ric rca ^ Various combinations of ton 
procedures were evaluated (Table I): 1) eentrifugation at iVocw 

• { m u pr * p *™ tlv<t ^trl^gc; 2) ccntHfugaUon at 13,000 X * 
m a midrocentofu^j 3) apin fltoatioil thr ^ ft ^ ^ * 

g&ss wool in r m crocenrrifuge at 13,000 X p and 4) dUmion 
of the reaction mature by 1;U>, followed by centrifu^on at 
n,000X^inamietooentrifu^o. & « 

The combination of all four steps resulted in complete clar- 
Ration, but,the orocesa was timc-comuxning und labor-uatensive 
T^e combination of steps 2 and 4, miorooentrifugation and 
Uon followed by a second microcentrifu^ation, proved most rapid 
and £ avc complete clanftcadon (trial 5 t Table I)- This condensed 
procedure produced results equivalent to that of the four^em 
pSul* thCref ° rC ^^orated as part of the standard 

Tims ctmr*z and concentration dep&ndence. Ffeurc 3 shows 
time oourses of both colorUnctric reactions with corn meal By 
20 mm or even Jess, each of the reaction* reached completion; 
at least lhr CCW3 ^ demonstrated that NTB*~ is stable for 

7}E?\ V^**, ^ ab&orbance was linear with the amount 
of sample. It should be noted that above 40 mg, aeaay rmwL 
would become viscous and difficult to duute during the^S 
ej^onstep, Below 10 mg, inere«ed weigning errors vm apparem 
On the basis of these considerations, » Stable S ampS 
rang* for corn meal b between JO and 40 rag. 

^f^f^ 0 " /0 ^ /eni/,w v<r/ ^ Aa apositivc ooutrol, the thiol 

^ t^t* C ° ntcm ?>W ^ determined. In SOS 
and urea the tbol content of rysozyme was measured to be 0 35 

favorably with the Uterature values of 0 mol/oxol m*?£St 
mol, respsctivety (PhuHps 1074). SDS was critical Without it, 

| Sample | 

^ Urna SDS 



i 



DTNB or {NTSBa- + NaaS03) 



"™*^-*— — — ~— — — — ■ ll.„ M _ , 

Released Yellow Chromophor* (HTS2-) j 
+ Soluble and Suspended Protein j 



it 



Contrtfugatron 



Dilution & Cantrlfugatlon 




T%> t. Sehemadc of the direct colorimctrlc asisy for thiol and dkuifid* 
rW^nS^JT a ^ d ^ f Uroi *" d/ °< sulfate 

was cotjductcd to remove suspended particles taat woule oVh^Tr^r 
fer« with ai) wouratc eeloritnetric reading 
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V 



m 

I- 

'■r 

\ ' 

I 

T ' ' 



Effect* 6f Cl&riflcttfon 
aiid 



TABLE 1 



Stejpi on Ab*ortmo«a of 5^Dithi«Wfi (2-NitrclHUizoic Acid) fDTNRl •' 



Ckjriilcflrton Steps* 



_Microcattrffugadon c 



Spin 



2 

3 

4 

5 

6 

7 

3 

9 

JO 

II 

!2 

13 

14 

15 

16 



Dilution *nd 

Vfig-camtrifug&tlpQ* 



Absorfa ancc, 412 a* 
DTNB 



4- 
4 



4 

4 

•f 



-f 



4 
4 
4 
4 



4 
4 
4 
4 



4 



4 



4 
4 

4 

+ 
4 
4 



1,212 

0.099* 
o.ow* 

0.0S4* 

0.122 
0,0«3* 
0,2*4 
0.24* 
0.170 
0.160 
0.262 
0.480 
0.203 
0.143 



lp s £g step act wed. " ~ — — — — ~ — - : 



e 

c 

"4- 

5 
o 

I 

< 




E 
c 



M 

Q 

J3 
< 




n- , ,.. T,rne (m'n) 

Fig. 3. Tun. www of eolorimwric reactions with- com meal SamnW 

the disulfide content was only O.fcf mol/mol, implying that thiol 

^aSJSirSf'i^,^ Pr ^' n ' ""P^ avoAWy with 
we literature valu« of 199.7 nmoJ/mg (Lasz% 1984). 

JSkT^Vl^ ft" *? for '"*"* **V vrtih thl two-step 

X ZfJtiE?,? 1 ™™?* »"* was ^ ^th * two* 
whh nrcTa^n-f ter, proteta wajfirjtsolubilfeed froA samples 
„",JJ'* a ^ SDS. After oeotrifiigation, an aliquot of the suoer- 

dW^Ti ■ . • ^' ^ h, ^ her ™«dttifi* were obtained by the 
same of the protein resists ..olubifization la SDS and farea, and 
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Corn Meal (mg) 

Fig. 4. CoiweatrolSoa depeodsnoc of the colorlmctnV 

inert m. incubated at room wmmtJta fSr5^Sffl?i^ 

(m-S* 5 -} and a^yed « described in M«*tabSfS3k3f ^ 

it u thereforo ten available to react with DTNB and NTCRi 
w the two^tepaway. Second, the jtendard ow ^dwS 
S .^,e«dyhi^ertethetwo^ep asa y.Thi t mc^cd^ri^^^ 

AppUeabon of the Method 

35*cr of^unuhnjn the thiol and disulfide S roup content 

and djsuffidc content of corn meaJ WM determinod. Tabfem 

^7 3 2? ( u,0feaM ^ ftw "mem relative to flS^S 
control. This was accompanied by a 5m*U decrease in dtmifiZ 

w« affected, sojgectmg a email amount of wtrusion-induccd 





f L,,- ™ tttol3e 8TOnps after extrusion when SPS was added 

RFT&^j 1 1 pr " £nW of 8 ^ (Table III ^1 
rfllM'tfSt 5A ' mttst T» «*« add«o» Of inching feud. 
S £ '^^nmeaJ had no effect on reactivity with either 

«.£Ehl^£T v 0 ' 1 .^ a « 1 sa£<»iif(30%) decline- in 

reactivity mtb both color reagents. (Fig: SB and Q. In JM« of 

«cp«te4 to enhance the reactivfty of thiol and disulfide groups 
found at the surface or buried hy(5ro haWc j££**3g 

™ U T PWtCCl - SE, 8 did no, S to 

* 

DISCUSSION 

f^LtS^**^'" 8 ' ? a "f 4 ^ «»««*»* method 

^ <iy,te ? B "S oystJnB Wtot of suspensions 

!ft?l^T « 5nductB <I *recUy on com moal using the color 

nrsW'I^Z^T of «^ Protein with DXOT and 

. J su «»«*«ts (combinations of urea and SDS) were added 
to reacnen mtxtuxes. A clarification step was added to remove 
suspended material before reading of aSotbaaee ZilZ nKe 

SSA ffinhH*" 1 Tli *• *■* ^ ^ ohromo^otT is 
^.v * M ? ,,I ! ion ! n<j d0,s n « oovalemly bind to protein. 
•J^SSiSP'JS °. 50mc "«"obotopic (SehofieM M al 1983} 

XL n ^T^ C ^ m,ln Bvwt W « «nd direct 

° a ?^ analysis (Ewart 198?). most previous attempts to 

«m^l n f f rf ^ ^ denMn " u *' red«cin| agente and 
removal of the reducing agent before assay bywtorimetric 
^urgea and Stanley 1976, iWmm, Ab^t^m^T^ 
ODrep^ aad Oitamipoolas 197$. Neumann el al 193-1. Ala ry and 

Schofkld et al (1983) for detection of thiol group, in glaum was 
„ „ TABIC H 

CpmitoftMc of a,. Dlx»ct Cotwfaietrtc Away with a Tm>-St<t> Mett od' 
Mrthod SuMhTdrrb Ofcmaaw Total CvMe fat" 

^^W™"™ H***?! M»±M» MJCSOJO 
Tw-.tep 3ay±0.73 8.68 ± 1^52 

i?fiS W .^ P *"? '^? flI t0 tt««*(l«4). »«!.<l of aotobilitation 



EfTect of Twln-Screv JErtrwioo on tb* Free Thiol and Dfe«i|ia a Grox* 
Ccmteut of Com Mead" 



Eactrugion CowCUot. 1 

Tcmpcr«iure HjO 

<*0 <%) 



JUj 8i/ urea 

Sit? ?2 ,w 40:44 u 

•*//3-J 152 18.2 382*2,5 

In &M urea + I % sodium dodecyl sulfate 



Total 

Thiol Pfcqffldc Cyrtctue 



82.7 ±1.1 I06\4±2.4 

80.3 i 12 200.9 ±4.6 

8U±3.7 200.6 ±7.9 

$3i±U 196.9 ±2.8 

77.6 ±3,0 178.0 ±0 

77.0 ± 2,7 J79.4±5,5 



• based on the reaction of gluten with ^r^*™^ ^ , 
deference, observed bctweea the diract so ]id-pl»^ 1ft 



otherprtfe noted afentnotnoie* per mi%fani of pVoUaj, 



o 
o 



0.5 



0.4 



A. 



Corn Meal 



0.3 



0.2 



Q.i<!h> 



0& 



OA 



B 
c 




0,1 



0.0 



Extrucfate 2/13-2 





+ 




^ 

Extrudate 3/13-1 



0,2 




SDS (%) 

3/lW (A-C Sm SS ^W* 5 VI « end 
urea with 0-2% SWT Sdtnb ^-"? lemperainrc in 8Af 
in MatariaU *S Method B0<1 ^ ">«y»^ « deambed 
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the *«ct oolwimelnc assay because the* i» no opportunity for 
canny higher In the two-siep assay 
' a Jifts ^J^W "2* Pt ? Ui ™ is ^ reducing 

T^.^h ^ swvaa ^ now (Fig. 1). i„ both the abseace <Fu> 
WJCff 1 B) &t characteK 
toe presence of reducing agent for up to 3 hr (Fig. I A)- in air 

declined between 30^1L 1* 

ih^nTr^'T ° r9 ' t0tSi ««««*>W«y « improved by ex- 
clas on of with about 12* more protein solubllized (He 

of reduang agent, the involvement of cysteine is Ukely O, at»6an 
to promote relation of thiol* to disulfide SSk 
so*« of: fce, rtub&fad protein to precipitate. ' * 

.fricTj 1 ^! e ° Ionm9tric . teohDi ^ WU used to determine the 
effect of rvnn-sorcw extrusion on the thiol and disulfide content 
uf corn meal Table ITt suggwu that a smali amouw of ext r^i^ 

"tetototty > wrfgufiwm « the f s. 0.1 level, with 5%, at most 
of tbe^teme content affected. These results aw in ^ord*»e 
Witt Schofield et al (1983). who found that the free ffiS 
content wan unaffected by heating al 10 0<>C. In wntrifoux 
rcsuto differ from the findings of Burgess and I S^eV7l97« 
«^d Hager (1984), who found slight £*Z*L ™ flroSteoSES 
but majormcreases in thiol groups in soy concentroS(70% wtdn 

the drrect colomnetrio technique does not nwaWdisulfide bwd 
S^XT" 5 ' ^ CXWDt 10 Wbich occur ^Tbe 

tfcwll!?^^ s * n ? csu,t "^we In reactivity of both 
^tr^tX^frT^ f C£t ^ rom ^al upon a^diUon 
Z. r rea ^ loa nature (Fig. 5) suggests that extruaion- 

L^ff Chanee5 fa P^^b Secure tnayiSft 

iv- ? r ^ .^dong U that conformational changes in 
proton rtnjeture inhibit access of these reagent* when SOS t 
f r *'% Alternatively, the cysteine in eXlrXeTb Xe prone 

^nlLiJZf^ °JL^ tein fa natfve flnd «t«ded corn xnsal 
rcspertjvety; Table HI) U eonsfateiit with thii possibility. 

coteSS? mU ^ ■Pf 6 "^ « «™ rnealfthe di^ot 
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